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Executve Summary

Federal reservoirs are an important source of water supply in Kansas for approximatephtwe d s o f Kans
The ability of a reservoir to store water over time is diminished as the capacity is reduced through sedimentation. In sc
cases reservoirs are filling with sediment faster than anticipated. Whether sediment is filling the reservoir on or aheac
schedule, it is beneficial to take efforts to reduce sedimentation to extend the life of the reservoir.

The Kansas Water Authoritijas established Reservoir Sustainability Initiativéhat seeks to integrate all aspects of
reservoir input, operations and outputs into an operational plan for each reservoir to ensure water supply stor
availability long into the future. Reduction édiment input is part of this initiative.

The Mainstem North Fork Ninnescah Rivétssessment, an ArcGIS® Comparison Study, was initiated to partially
implement theReservoir Sustainability InitiativeThis assessment identifies areas of streambank ertzsiprovide a
better understanding qfortions ofthe Cheney LakeWatershed for streambank restoration purposes and to increase
understanding of streambank erosion to reduce excessive sedimentation in reservoirs across Kansas. The compz
study was deghed to guide prioritization of streambank restoration by identifying reachese erosion is most severe

on the mainstem North Fork Ninnescah River

The Kansas Water Office (KWO) 2011 assessment quantifies annual teadioent erodinfrom the mainsts North

Fork NinnescahRiver over a 17 year periobletween 1991 and 2008. A total 41 streambank erosion sites were
identified, covering33,336feet of unstable streambank and transpor8dg/40tons ofsediment downstreaiper year

This sediment acamts for roughly 35 acrdeet per year of sedimemtansport downstream and possibly loading into
Cheney Lake Notethat the identified streambank erosiitesare only a portion of all streambank erosion occurrences
in the watershed. Only those streamk erosion sites covering an area 1,500 sq. feet, or more, were idenfifigd.
erosion thatcoversan area smaller tharoughly 1,500 sqg feeincurs a high margin of erromaking calculations
unreliable Streambank erosion sites were analyzedoby identifiedstream reaagsandthree12-digit Hydrologic Unit
Codes (HUC12).The assessment results concluded that a majority adéiméified eroded sediment in the watershed
beentransported annually from the mainstem North Fork NinneRiad¢r reachtwo (NFN2 and North Fork Ninnescah
River reach three (NFN3); abughly 17,927and 7,640 tons annually, respectivélynese identified reaches account for
an estimated 74 perce(®1.5 million) of the total stabilization cosestimateson the mainstem Mrth Fork Ninnescah
River. Results by HUC12ndicatal that HUC11030014303 as the most activethe threeHUC12sfor tons of sediment
erosion 20,897 tons of sediment per yearThis HUC12 also accounted for 14,960 feet of unstable streanavaid?
perent($1.07 million) of total stabilization cost estimateBhe total stabilization cost estimated for the mainstem North
Fork Ninnescah River bgonducting streambank stabilization practit@sall identified sitesvould cost approximately
$2.5 million. Stabilization cost estimates were based on the average stabilization costs, at $71.50 per linear foot,
reported in the TWIKansas RiverBasin Regional Sediment Management Section 204 Stream and River Channe
Assessment
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The KWO completed this assessmémt the Cheney LakéWatershed Restoration and Protection Strategy (WRAPS)
Stakeholder Leadership Team (SLT). Information contained in this assessment can be useHhmgndyelLake
WatershedNVRAPS SLT to target streambank stabilization and riparian reggin efforts toward high priority stream
reaches n HUC12salong the mainstem North Fork Ninnescah RiveBimilar assessments are ongoing in selected
watersheds above reservoirs throughout Kansasi@availableon the KWO website atww.kwo.org or maybe made
available upon request to agencies and interested parties for the benefit of streambank and riparian restoration project:
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Introduction

Wetlands and riparian areas are vital components of proper watershidrftinat, when wisely managed in context of a
watershed system, can moderate and reduce sediment Tingwe is growing evidence that a substantial source of
sediment in streams in many areas of the country is generated from stream channels andiedgguthies (Balch,
2007).

Streambank erosion is a natural process that contributes a large portion of annual sediment yield, but acceleration of
natural process leads to a disproportionate sediment supply, stream channel instability, landitaisikdsaand other
adverse effects. Many land use activities can affect and lead to accelerated bank erosion (EPAn 2608) Kansas
watersheds, this natural process has been accelerated due to changes in land cover and the modification ofregleam ch

to accommodate agricultural, urban and other land uses.

A naturally stable stream has the ability, over time, to transport the water and sediment of its watershed in such a ma
that the stream maintains its dimension, pattern and profile witlgmificant aggregation or degradation (Rosgen, 1997).
Streams significantly impacted by land use changes in their watersihdgysmodifications to streambeds and baimks
through an evolutionary process to regain a more stable condition. This prenessllg involves a sequence of incision

(downcutting), widening and +&abilizing of the streamMany streams in Kansas are incised (SCC, 1999).

Streambank erosion is often a symptom of a larger, more complex problem requiring solutions that masnoreaikian

just streambank stabilization (EPA, 2008). It is important to analyze watershed conditions and understand the evolutior
tendencies of a stream when considering stream stabilization measures. Efforts to restestasilideestreams should
allow the stream to speed up the process of regaining natural stability along the evolutionary sequence (Rosgan, 1997
watersheebased approach to developing stream stabilization plans can accommodate the comprehensive review

implementation.

Additional research in Kansas documents the effectiveness of forested riparian areas on bank stabilization and sedil
trapping (Geyer, 2003; Brinson, 1981; Freeman, 1996; Huggins, 1994). Vegetative cover based on rooting characteri:
can mitigate erosiomy protecting banks from fluvial entrainment and collapse by providing internal bank strength.
Riparian vegetative type is an important tool that provides indicators of erosion occurrence from land use prhetices.
Riparian areas the interface betvem land and a river or stream. Riparian areas are significant in soil ecology,
environmental management and because of their role in soil conservation, habitat biodiversity and the influence they
on aquatic ecosystems overall healtRorested ripagn areas are superito grassland in holding bank stabilization
during high flows, when most sediment is transported. When riparian vegetation is changed from woody species
annual grasses and/or forbs, suiface internal strength is weakened, causioceleration of mass wasting processes
(extensive sedimentation due to sbface instability) (EPA, 2008). The primary threats to wetlands and forested

riparian areas are agricultural production and suburban/gdaiopment.
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Reservoirs are a vitalosrce of water supply, provide recreational opportunities, support diverse aquatic habitat, an
provide flood protection throughout Kansasxcessive sediment can alter the aesthetic qualities of reservoirs and affect
their water quality and useful lifé€Chrigensen 2000) Sediment deposition in reservoicg&in be attributedo many
factors, includingprecipitation topogiphy, contributingdrainage area of the watershadd differing soil types.
Decreases in reservoir storage capacity from sedimentilepasan affect reservoir allocations used for flood control,
drinking-water supplies, recreation and wildlife habitat. Land use has considerable effect on sediment loading in
reservoir. Intense agricultural use in the watershed, with limited or itigfezrosion prevention methods, can contribute

large loads of sediment along with constituents (such as phosphorus) to downstream réigenyp801)

In Kansas, monitoring the extent of erosion losses is difficult, and curretd-dgie inventories ra needed. This
assessment identifies areas with erosion concerns and estimates erosion losses to provide a better understanding «

watershed for mitigation purposes and for application of understanding to watersheds across Kansas.
Study Area

The mairstem North Fork Ninnescah lies within tBheney LakaVatershedwhich covers 633,000 acre933 sgmiles,
which draininto Cheney Lake&ia the North Fork Ninnescah Rivéfigure 1) CheneyLake was constructed at the lower
east end of the North Fork Nirseah Riveibetween 1962 and 1965 by the Bureau of Reclamatiitima 100 year design
life for sediment storageThe North Fork Ninnescah River is the magource ofinflow to CheneyLake, contributing 70
percentof the water flowing into théake Thelake currently supplies 60 to 70 percent of Wichita's daily water supply
(Christensen, 2006)The reservoir is both federally and state authorizegrdoiding a reliable municipalater supply
system for the City of Wichita, wildlife habitatecreationhopportunities anadiownstreanflood control. The original
conservatiorpool storage of théake was roughly152,000 acrdt, with an additional flooetontrol capacity of about
81,000 acrst.

In 2008, USGS performed a bathymetric survey of Cheney Rastretermine total sediment volume deposited in the
reservoir from 1965 to 1998. The survey determined that roughly 7,100t aireediment has been depositatb
Cheney Rservoir over the 34 year period at a rat@@8 acreft/yr, filling 27% of the inactive conservation storage pool
since dam closurdresultsalsoindicated that 11 percent of the deposited sediment mass was located in the submergs

river channel and that about 89 percent of the sediment mass was located irofhehannel are@Mau, 2001)

Cheney Lakevatershed ermmpasses land in five counties includidgdgwick, Reno, Kingman, Prathd Stafford, with

the majority in Reno CountySix 12-digit hydrologicunit codes (HUC12s) lay within the Cheney Lake watershed and
three coverthe study areaof the mainstem North Fork Ninnescah Riugigure 2). Land use is predominantly
agricultural (greater than 98 percewijh crop production accounting for roughly 72% of the land use in the Cheney Lake
Watershed Crops producednclude caon, grain sorghum, soybeans and wh@&gsU, 2008). While cropland is
predominant, pasture and rangeland make up roughly 20% of the watersheehtrated along streams and rivers in the

floodplains(Figure3). Conservation Reserve Program (CRP) makes5dp and forest only 2% of land ydeund using
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a GIS landuse database developed in 1997 by the Natural Resource Conservation Service (Nét@8japhy in the

CheneylLakewatershed ranges from flat to gently sloping hills.

Soils in the Cheney Reservaiatershed generally are classified as clayey loam on the uplands to sand or sandy loam «
low-lying areas or where slopes are less than 3 percent. Many of the soils in the watershed are subject to erosion by !
and rainfall runoff (Rockers and other§66). The KanzaNinnescahs the predominant soil seriatong thestudy area

of the mainstenNorth Fork NinnescalRRiver. Kanza soils are loamy fine sand with 1 to 12% clay amdvery deep,
poorly drained and somewhat poorly draisedsfoundon flood plains in the Great Bend Sand Plaffispes rang from

0 to 2 percenwith mean annual precipitation at 28 inches and a mean annual temperature at 57 dedtarsasoils
formed in alluviumand permeability is rapid above the water table. The @¢icah Series consists of very deep, poorly
drained, moderately rapidly permeable soils that formed in loamy alluvium. Thesarsopgsedominantly fine sandy
loamswith 10 to 17% clay and arfeund on flood plains in river valleys of the Great Bend SBlains with a mean

precipitation at 29 inches and mean annual temperature at 56 de(hRE€F, 2005)

Figure 1: Cheney LakeWatershed Assessment Area
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Cheney LakeWatershed AssessmenAArea HUC12s
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Data Collection Methodology

The Mainstem North Fork Ninnescah Rivetreambank erosion assessment was performed using ArcSt3&p® 10
software. The purpose of the assessment is to identify locations of streambank instabilitytipeprestioration needs

and slow sedimentation ratesn the mainstem North Fork Ninnescah RivekrcMap® 10, an ArcGIS® geospatial
processing program, was utilized to assess color aerial photography from 2008, provided by National Agriculture Imag
Progran (NAIP), and compare it with 1991 black and white aerial photography, providbe I8tate of Kansas G3ata
Access & Support Center (DASC).

The streambankrosionassessment was performed by overlaying 28082 county aerial imagery onto 1991ASC
county aeriaimagery Figure4). Using ArcMap® tools,fiaggressive movemenbf the streambank between 199ASC

and 2008NAIP aerial photosvereidentified at a 1:6,000 scal@s asite of streambank erosiorfiAggressive movemeat
represents areaf 1,50 sq. feet or more of streambank movement between 1991 DASC and 2008 NAIP aerial photo
Note that the identified streambank erosisites are only a portion of all streambank erosion occurreatesg the
mainstem North Fork Ninnescah Rivekny erosionthatcoversan areamaller thamoughly 1,500 sq. feetncurs a high
enoughmargin of erroy making calculations unreliable This error can be attributed to some distortions between years
when aerial photos amaken anddigitally georepherencingand due toshading attributed to leafing of trees in aerial
photos when photos are taken in sgrisummer and early fall months. Leafican affect the ability to find the exact
location of streambanks.

Streambanlerosion sites were denoted by geograplidpy gons f eatures fAdrawnodo into
usingArcMap® editor toas. Thepolygon features @are created by sketching vertices following the 2008 streambank and
closing the sketch by following the 1991 streambatka 1:2,500 scaleDataprovided, based on geographic polygon

sitesinclude: watershed location, unique ID, stream name, type of streshtypnof riparian vegetation.
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Figure 4: 1991 DASC & 2008 NAIPAerial Photos with Identified Streambank Erosion Sites

NF Ninnescah River; Unique IDs 0012-0017 2011

Total SB Length: 7.200 ft:

Total Sedimentation 13.400 tons/yr
Reach: NF2 Prepared by:
1991 DASC Aerial Photo Anna Powell, KWO|

NF Ninnescah River; Unique IDs 0012-0017 2011
Total SB Length: 7.200 ft:

Total Sedimentation 13.400 tons/yr
Reach: NF2 Prepared by:
2008 NAIP Aerial Photo Anna Powell, KWO|

NF Ninnescah River; Unique IDs 0012-0017 2011
Total SB Length: 7.200 ft:

Total Sedimentation 13.400 tons/yr
Reach: NF2 Prepared by:
2008 NAIP Aerial Photo Anna Powell, KWO|

The streambank erosionssessment datalso includesestimates of theveragevolume of soil loss, in tons per year,
erodedfrom streambanlerosion sigs. Estimation of average soil loss gerformedutilizing the identified erosion site
polygon features andalculatingperimeter, area and streambank length into a regression equation. Perimeter and ar
were calculatedthrough thefield calculatorapplication within the ArcGIS® softwareStreambank length of identified
erosion sitesvere computed through # application of a regression equatiéormulated by the KWO office. This
equation waslevelopeddy taking data from thEnhanced Riparian Area/Stream Channel Assessment for John Redmonc
Feasibility Studyareport prepared byhle Watershednstitute (TW) and Gulf South Research Corporation (GSGRY
relaing the erosion area (in sfiget) and perimeter length of that erosion aieddd) to the unstable stream bank length

(in feed. The multiple regression formula of that fit-Quare = .999) is

Estimated SB Length= (JArea_SqFt]£.00067) + ([Perimtr_ft]*.5089609

The intercept of the model was forced to zero.
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Average volume of soil loswasestimated by first calculating the volume of sediment loss and applying a bulk density
estimate to that yame for the typical soil type dhe mainstem North Fork Ninnescah Riv8ihe volume of sediment

was found by multiplying bank heigrgurface area losiver the 17 year peridaetween the 1991 and 2008 and soil bulk
density. This calculated volume isthdivided by thd 7 year pendto get the average rate of soil loss in masstyear

Average Soil Loss Rate (Tons/yr¥
[Area_SqFt]*[BankHgtFt]*SoilDensity(Ib$t®)/2000(Ibs/ton)/([INAIP_ComparisonPhotoY e§BaseAerialPhotoYear])

Soi Bulk Density used inthe average soil loss rate equatieas calculated by first determining the moist bulk density of
the predominant soil in th&tudy areausingthe USDA Web Soil Survey websitéfhe predominant soil type along the
North Fork Ninnescah River was Kankiénnescah sandy loams, frequently floogetth an average moist bulk density
at1.6 g/cc This moist bulk density estimate was then converted into pounds per cubic foot and reduced by 15% to ge
dry bulk density estimate at 85 Ib&/ftThis dry bulk derigy is then compared to the dry bulk density on a soil texture
triangle at 10% clayand 0% sandyloam as a second comparative estimateoughly 1.57 g/cc or 84 Ibsift Based on

the two methods, 85 Ibsifivas used for the typical bulk densitfthe predominant soilype along themainstemNorth

Fork Ninnescah River above Cheney Laked used in thaveragesoil lossrateequation.

Streambank height measuremertiso used in the average soil loss rate equatiere obtained frona USDANatural
Resources Conservation Service assessn@meney Lake Streambank Erosion Repwith the help of Cheney Lake
WRAPS Coordinator and KWA memberStreambank height measuremeimsthe reportwere performed in several
locations in the upper and lower end loé tNorth Fork Ninnescah River upstream of Cheney Reservoir and downstream
of the Silver CreekiNorth Fork Nimescah River fork. Thesefield verified streambank height measurementse the

basis for extrapolating streambank height measurerfaritse idetified streambank erosion sités thisassessment

Analysis

To accommodate streambank rehabilitation project foitissmainstem North Fork Ninnescah study area dediseated
into four stream reachesd threel2-digit Hydrologc Unit Codes Streamreach sectionsnclude NFN1, NFN2, NFN3
and NFN4(Figure5). Stream each sections wetéled by the streamnameand in numerical order from downstream to
upstrem. The treel2-digit Hydrologc Unit Codes (HUC12sihclude 11030014303, 11030014303 and30114301
(Figure §. Streambank erosion sites were analyfmad streambank lengthin( feet) of the eroded bank; annual soil loss
(in tondyeay; percent of streambank length with poor riparcamdition (riparian area identifieds dnaving cropland or
grass/cropriparianvegetatio); estimated sediment reduction through the implementation of streambank stabilizsion B
ManagementPractices (BMPs) at an 85% efficiency rate; and streambank stabilization cost estimates for erodec
streambank sites. Streamia stabilization costs were derived froan average cost to implement streambank
stabilization BMPs, as reported in the TWéAnsas RiveBasin RegionaBediment Management Section 204 Stream and
River Channel Assessmeat $71.50 per linear foofFigure 7). Streanbank stabilizatiorcosts may vy basedon soil

type and materials usefdr streambanistabilization BMR and may differfrom the estimates developed for thansas
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River Basin Regional Sediment Management Section 204 Stream and River Chaassinés8MP estimates Due to

the lack ofsufficient informationto accuratelydevelopstreambank stabilizatiosverage cost® this areaTWI estimates

wereused
Figure 5: Mainstem North Fork Ninnescah River Streambank Assessment by Stream Reach
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Figure 7. TWI Estimated Costs to Implement Streambank Stabilization BMPs

- _______________________|
Cost estimate per
BMP Cost Description linear foot
(in dollars)

1. Survey and design
Rock delivery and placement
As-built certification design
Bank Shaping
2. Vegelation (matenal and planting)
Cover Crop
Mulch
Willow Stakes
Bare root seedlings
Grass filter strip
3. Contingencies
Unexpected site conditions requiring extra matenals and $3-855
construction time

350 - 575

TOTAL $58-585.5

Results

The KWO 2011 assessment quantifies annual tons of sedimentation from streambanksi#esti@meen 1991 and
20080n themainstem North Fork Ninnescah Riwgithin the Cheney Lake Watershed total of41 streambank erosion
sites, covering5,336feet of unsable streambank were identifiedith 87 percenbf the identified streambanlerosion
siteshaving poor riparian condition. Sediment transport from identifisghgtbank erosion sites accounfed 34,740
tons of sedimenper yeartransported from themainstem North Fork Ninnescah Rivelownstream and possibly
accumulating ito CheneyLake annudly. If all sediment accounted favere to end up into Cheney Lake, it would
account for35 acrefeet per year of sediment accumulation in Cheney Lake

A majority of theidentified erodedsedimenttransportedannualy from the mainstenNorth Fork NinnscahRiver, was
found to be coming from the North Fork Ninnescah Rikeach two(NFN2), at roughly 17,927 tons of sediment
annually; and théNorth Fork Ninnescah readhree (NFN3) at roughly7,640tons of sedimentannually (Table 1 &
Figure 8). These dentified reaches account fapproximately74 percent($1.5 million) of the total stabilization cost
estimateneedsfor the mainstem North Fork Ninnescah River study .arRasults by HUC12 identified 11030014303
(HUC12 (303))as thehaving the highest apnint of estimated streambank sedimentatamtounting forapproximately
20,897 tons of sediment per yeavith 14,960ft of unstable streambanfable 2 & Figure9). HUC12 (303)also
accounted for roughl$2 percenof the identifiedunstable streambagk60 percenbf sedimentation and2 percenpf

total stabilization costfor the study areaThe total stabilization cost estimated for the mainstem North Fork Ninnescah
River by conducting streambank stabilization practices for all identified siteklwost approximately $2.5 million.
Stabilization cost estimates were based on the average stabilization costs, at $71.50 per linear foot, as reported in the
Kansas RiveBasin Regional Sediment Management Section 204 Stream and River Channel Assessmen

Additional concern®bservedn the Mainstem North Fork Ninnescah Rivesual assessment include rangeland gullies,
stream meandering and poor riparieanditions As stated above, poor riparian conditions inclugmrian areas

consisting ofrangelauwls, buffers or cropland. During the visual assessment, rangeland gully erosion was found in the
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subwatershed surroundi@ow Creek and within one mile ¢fie mainstem North Fork Ninnescah and relatibditaries
extending to the Silver Creek/North Fdxinnescah River fork Stream meandering was observedhe subwatershed
surroundingGoose Creek andt theSilver CreekNorth Fork Ninnescah Riveork continuing upstreanon the North
Fork Ninnescah Riveand Silver Creek Figure 10 illustratesan examfe of channel meandering. The twbotos are
aerial photographs from the 1991 DASC database and 2008 NAIP databas®loftthEork Ninnescah River Channel
Theredline drawn on top of the photogace thel991 North Fork Ninnescah Rivarhannelstaring at the North Fork
Ninnescah River/Silver Creek fork and heading upstre@he high erodibility of theKanzaNinnescalsandy soilfound
throughout theCheney Lake Watershexthdspecificallyalong the North Fork Ninnescah Riyércreases théme frane
at whichmeanderingpccursnaturally,causingsedimento betransportedlownstream This ArcGIS® Comparison Study
assessmerdisohasa high margin oferrorwhenestimaing tons of soil erodindrom streambargkcaused byneandering.
This margin of eror limited the ability to extend the assessment outside of the mainstem North Fork Ninnescaandiver

upstream past the Silver @#North Fork Ninnescah River fork

Table 1: Mainstem North Fork Ninnescah RiverStreambank Erosion Assessmerniable by Stream Reach

SB YIELD POOR % SBLENGTH
STREAM L EﬁGBTH SBSITE S(T:%BS'# ' EROSION  LosY RIPARIAN RES-LI-J. C?::ODN w/ POOR
REACH (FT) SED (T/YR) ESTIMATE SITES BANK CoND/SB (TIYR) RIPARIAN
(\[eB) LENGTH LENGTH (FT) COND.
NFN1 6891 5184 $492,758 9 0.8 575361 4,406.99 83.49%
NFN2 11862 17927 $848,162 11 15 9352.07 15,238.31 78.84%
NFN3 9429 7640 $674,176 13 0.8 7522.67 6,494.45 79.78%
NFN4 7152 3987 $511,433 8 0.6 6583.84 3,389.62 92.04%

ToTAL 35,336 34,740 $2,526,530 _ -29,529 8267%
Est Stabilization Cost/Linear Ft. $71.50 Stabilization/Restoration Efficiency 0.85

Figure 8: Mainstem North Fork Ninnescah River Streambank Erosion Assessment Graph b$tream Reach
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Table 2: Mainstem North Fork Ninnescah River Streambank Erosion Assessmentable by HUC12

SB POOR 740 S1E
REACH SB SBSTE  STABIL. EROSION YIELD RIPARIAN EST. SED LENGTH
HUC12 LENGTH SED CosTt LosY BANK COND/SB REDUCTION w/ POOR
(11030014.... (FT) (T/'YR) ESTIMATE LENGTH (T/YR) RIPARIAN

. LENGTH (FT) CoD
HUC(304) 3,794 2215 $271,270 4 0.6 3120 1883 82.23%
HUC(303) 14,960 20,897 $1,069650 16 14 11986 17763 80.12%
| HUC(301) 16582 11628 $1,185609 21 0.7 15583 9884 93.98%

TOTAL 35,336 34,740 $2,526,530 41 30,689 -617,082,421 86.85%

Est Stabilization Cost/Linear Ft. $71.50 Stabilization/Restoration Efficiency 0.85

Figure 9: Mainstem North Fork Ninnescah River Streambank Erosion Assessment Graph bidUC12
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Figure 10: 1991 North Fork Ninnescah River Channel: 1991 DASC and 2008 NAIP Aeli&hotos

Conclusion

The KWO completd this assessment for tHeheney LakéWatershed Restoration and Protection Strategy (WRAPS)
Stakeholder Leadership Team (SLThe Draft and Final report will be submitted for internal review at KWO. After

internal eview, the Draft and Final Report will be submitted to@eney Lak&VRAPS SLT. Information contained in

the assessment can be used by @eney LakaVRAPS SLT to target streambank stabilization and riparian restoration

efforts toward high priority stam reachesnthe mainstemNorth Fork NinnescaRiver within Cheney Lake \&tershed.
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